conjugated polymers, water solubility is essential for sensing biologically important substances such as DNA and proteins. Water soluble conjugated polymers have been prepared by the introduction of ionic moieties as pendant groups to the polymer backbone since the conjugated backbone itself can behave as a fluorophore [15] . Water soluble cationic conjugated polymers have been demonstrated to be useful for DNA detection and quantification by the electrostatic interactions with the negatively charged phosphate groups of DNA [16] . Studies of DNA detection using cationic conjugated polymers, for example, poly(phenylenevinylene) derivatives [17] or polythiophene derivatives [18] , previously reported.
Poly(heteroarylene methine)s are one of small band gap conjugated polymers possessing alternating aromatic and quinoid moieties with the methine bridge structure [19] . Poly(heteroarylene methine)s could be easily synthesized through a polycondensation reaction between an heterocyclic compound and an aldehyde using an acid catalyst, followed by oxidatively dehydrogenation [20, 21] . Although poly(heteroarylene methine)s have become of great interest as optoelectronic and nonlinear optical materials in recent years [22] , as far as we are aware, no study has been reported on sensing properties.
In this communication, in order to investigate the possibility of poly(heteroarylene methine) as sensing materials for DNA, we have synthesized a novel water soluble cationic poly(heteroarylene methine) (WSCP) through the reaction between a pyrrole and the aldehyde containing a quaternary pyridinium group as shown in scheme 1. The interaction between WSCP and a double-stranded calf thymus DNA (ctDNA) has been studied by spectrophotometric and spectrofluorometric titrarion methods. 4-Formyl-1-methylpyridinium benzenesulfonate (FMPB) and were purchased from Aldrich and used without further purification. ctDNA solution (10 mg/mL) was obtained from Wako Pure Chemical Industries, Ltd.
Syntheses
The synthetic route of WSCP was shown in Scheme 1. WSCP was synthesized with the procedures similar to those reported previously [20, 21] . To solution of pyrrole (0.128 mL, 1.8 mmol) and FMPB (0.475 g, 1.8 mmol) in DMF (5 mL) was added TOSH (0.034 g, 0.18 mmol). The solution was stirred at room temperature for 12 h, and poured into 2-propanol (100 mL) to precipitate the precursor of WSCP. The obtained precursor was washed with 2-propanol, and dried in vacuo. The yield was 0.498 g (83%). The precursor (0.300 g, 0.9 mmol) and DDQ (0.204 g, 0.9 mmol) were dissolved in DMF (5 mL) and the solution was stirred at room temperature for 12 h. The mixture was poured into 2-propanol, and the obtained precipitate was collected by filtration and washed with acetone, dried in vacuo. The yield of WSCP was 0.225 g (75%).
Measurements
Absorption and fluorescence spectra were recorded on a JASCO UV-530 spectrophotometer and a JASCO FP-750 spectrofluorometer, respectively. The binding ability of WSCP for ctDNA was investigated by absorption and fluorescence titrations by adding aqueous solution of ctDNA to aqueous solution of WSCP at 100 M as monomer unit concentration.
Results and discussion
WSCP was synthesized by acid-catalyzed polymerization of pyrrole with FMPB, followed by the dehydrogenation reaction with DDQ. Water solubility of sensing materials is essential to recognize biologically important substrates such as DNA. Synthesized WSCP has good solubilities in water as well as organic polar solvents such as DMSO and DMF, whereas WSCP is insoluble in acetonitrile, alcohol, and acetone. Figure 1 shows the absorption spectra of WSCP in aqueous solution. The color of the WSCP solution was almost black or brown. The strong absorption band ranging from 250 to 300 nm is attributed to the -* transition of aromatic pyrrole ring in the main chain and pyridine ring in the side chain. The weak absorption band in covering the entire visible region is assigned to the -* transition of the methine bridge [24] .
WSCP carries positive charges on pyridinium Figure 3 shows the absorption spectra of WSCP in the presence of ctDNA at various concentrations in aqueous solution. The absorption band from 400 to 500 nm, which is attributed to the -* transition of the conjugated polymer backbone, was analyzed in order to investigate the aggregation behavior of the WSCP with ctDNA. WSCP exhibits a maximal absorption band at 424 nm in the absence of ctDNA. The absorbance at 424 nm of WSCP decreased gradually upon adding ctDNA ranging in concentration from 0 to 54 M while the maximal absorption peak wavelength is unchanged. Upon the addition of ctDNA above 60 M, the maximal absorption peak is red shifted by about 20 nm to 442 nm and the absorbance at 442 nm increased with ctDNA concentration. These results could indicate that ctDNA promotes the aggregate formation with WSCP as well as the planarization of WSCP implicated an increase in the effective conjugation length [26, 27] .
gruops, while ctDNA possesses highly negative charges on phosphate groups. WSCP can interact with ctDNA through electrostatic forces. Figure 2A shows that the study of the interaction between WSCP and ctDNA was performed by measuring the changes of fluorescence spectra of WSCP when titrated with ctDNA. When WSCP is excited at 424 nm, it emits fluorescence ranging from 625 to 800 nm with two peak maxima around 680 and 720 nm. A substantial fluorescence quenching for WSCP was observed upon addition of ctDNA. As the ctDNA concentration increases from 0 to 63 M, the fluorescence intensity of WSCP decreases to the negligible intensity. As shown in Figure 2B , the fluorescence intensity decreases gradually up to 40 M of ctDNA concentration and decays rapidly above 40 M. A possible mechanism for the fluorescence quenching of WSCP is attributed to its aggregation derived from WSCP and ctDNA electrostatic complex, resulting in a significant self-quenching [25] . In conclusion, we have developed a novel water soluble cationic conjugated poly(heteroarylene methine) for homogeneous double-stranded DNA detection. Grafting positively charged pyridinium salt to the side chains of the polymer can provide water solubility of the polymer as well as its ability to interact with polyanions by strong electrostatic attractive forces. Further investigation of various water soluble conjugated poly(heteroarylene methine) containing recognition sites for other biomolecules is expected to lead to the development of sensing applications in various biomolecules. 
